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Abstract
Cubic to tetragonal distortion in AV2O4 and ACr2O4 (A=Zn, Mg and Cd) compounds have
been a contentious issue for last two decades. Different groups have proposed different mechanisms
to understand such a distortion in these spinels, which are: (i) spin lattice coupling mechanism
known as the spin driven Jahn-Teller (JT) effect, (ii) the strong relativistic spin-orbit coupling, a
moderate JT distortion and weak V-V interactions and (iii) the JT effect. Now, in order to know
the possible cause for such a distortion, we have avoided these complexities (various interactions
among spin, electronic, orbital and lattice degrees of freedom) by carrying out spin unpolarized
calculations. The calculated values of bulk moduli for ZnV2O4 (ZnCr2O4), MgV2O4 (MgCr2O4)
and CdV2O4 (CdCr2O4) are found to be ∼289 (∼254), ∼244 (∼243) and ∼230 (∼233) GPa, re-
spectively which suggest that CdV2O4 (among vanadates) and CdCr2O4 (among chromates) are
more compressible. For vanadates and chromates, the order of calculated values of lattice param-
eter a are found to CdV2O4>MgV2O4>ZnV2O4 and CdCr2O4>MgCr2O4>ZnCr2O4, respectively
and are consistent with the experimental results. The calculated values of cubic to tetragonal dis-
tortion (c/a), with c/a<1 for ZnV2O4 (ZnCr2O4), MgV2O4 (MgCr2O4) and CdV2O4 (CdCr2O4)
are ∼0.996 (∼0.997), ∼0.995 (∼0.994) and ∼0.997 (∼0.998), respectively. These values are in good
agreement with the experimental data for ZnV2O4, MgV2O4, ZnCr2O4 and MgCr2O4 compounds.
The present study clearly shows the role of ionic sizes in inducing the cubic to tetragonal distor-
tion in these spinels. However, the discrepancies between the calculated and experimental data for
CdV2O4 and CdCr2O4 are expected to improve by considering the above mentioned mechanisms.
These mechanisms also appear to be responsible for deciding the other physical properties of these
compounds.
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I. INTRODUCTION
In the transition metal oxides, the d level is fivefold degenerate. The degeneracy of d level
is split into the lower energy t2g level (with degenerate dxy, dxz and dyz orbitals) and higher
energy eg level (with degenerate dx2−y2 and dz2 orbitals) by the crystal field splitting in an
octahedral field. Normally, in some of the transition metal oxides, Jahn-Teller (JT) effect has
been mainly attributed for a structural transition, which take place from high temperature
cubic phase to low temperature phases of the compound.1 It is important to note that the JT
distortion can lead both elongation and compression of octahedra depending on the number
of d electrons.2 Here, we discuss only the physics of d2 and d3 electron systems. In d2 electron
systems, two of the threefold degenerate t2g orbitals are occupied, whereas all three orbitals
are occupied for d3 electron systems. Now, for d2 electron systems, the degeneracy of t2g
level can be lifted by two ways. First one by JT mechanism and second one by both JT and
spin-orbit mechanisms.2,3 In these systems, tetragonal elongation of the local octahedron
with, c/a>1 is more favorable from the viewpoint of JT effect, where both d electrons are
occupied by lowest energy degenerate dxz and dyz orbitals.
2 In such a situation, the ground
state has unfrozen orbital angular momentum. Hence, a further splitting of lowest doublet
is expected due to the spin-orbit interaction.2,3 For d3 electron systems, JT effect is inactive
and hence the driving force for structural transition is something of different nature than d2
electron systems.
Spinel compounds, AV2O4 and ACr2O4 (A=Zn, Mg and Cd) with the face-centered-cubic
structure at room temperature are among the most extensively studied geometrically frus-
trated magnets.4–22 Vanadium spinels (AV2O4) and chromium spinels (ACr2O4) crystallize in
a face-centered cubic structure, where V and Cr ions are occupied at the octahedral sites, re-
spectively. In vanadium and chromium spinels, a pyrocholre lattice is formed due to the cor-
ner sharing tetrahedral network of magnetically coupled V and Cr ions, respectively.11,15,23–26
Vanadium spinels with V3+ (3d2, S=1) ion is JT active, whereas chromium spinels with Cr3+
(3d3, S=3/2) ion is JT inactive as per expectation as discussed above. Hence for vanadates,
JT effect is expected to be responsible for a cubic to tetragonal structural transition with
c/a>1, which is contrary to the experimental result.7,8,17 However, for chromium spinels,
JT effect is not expected to play any role in inducing such a transition. Structural tran-
sition from cubic to tetragonal are common in these spinels, which has been a long issue
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from last two decades.9,10,12,14,27 In vanadium spinels, some of the researcher have attributed
the JT effect responsible for cubic to tetragonal structural transition.10,12 The experimen-
tally reported values of structural transition temperature, T S (tetragonal distortion, c/a) for
CdV2O4, MgV2O4 and ZnV2O4 compounds are ∼97 K (0.9877), ∼65 K (0.9941) and ∼50 K
(0.9948), respectively.5–8,17 In these vanadates, it is interesting that the magnetic transition
occur at a temperature less than T S.
5–8,17 However, in chromium spinels, both structural
and magnetic transition take place at the same temperature. Hence, the magnetostructural
transition temperature, T S≈TN (tetragonal distortion, c/a) for CdCr2O4, MgCr2O4 and
ZnCr2O4 are ∼7.8 K (1.004), ∼12.5 K (0.9979) and ∼12.5 K (0.9981), respectively.
4,28–31
This makes these chromium spinels distinct from the vanadium spinels. Another interesting
thing in these spinels is that the structural transition, with c/a>1 is reported experimentally
only for CdCr2O4, whereas it is reported to be c/a<1 for remaining five compounds.
In order to understand a long issue of cubic to tetragonal structural transition in these
spinels, different groups have proposed different theories.9,10,12,14,27 First, we start with the
vanadium spinels, which is more controversial for such a transition. Based on the valence-
bond-solid approach, Yamashita and Ueda proposed a spin-JT coupling mechanism that
leads to a cubic to tetragonal structural transition for ZnV2O4 and MgV2O4 compounds.
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However, based on this approach, it is difficult to explain the magnetic transition at a
temperature less than T S. In the light of this model, Tsunetsugu and Motome have proposed
a scenario to explain such a transition in AV2O4. In their scenario, this transition is found
to be an orbital order accommodated by the JT distortion, with c/a<1.10 However, their
model is incompatible with the experimentally observed spatial symmetry I41/amd of the
tetragonal phase as it breaks the mirror reflections in the planes (110) and (11¯0) and diamond
glides d in the planes (100) and (010).6,8 Tchernyshyov also offered a theoretical model based
on the relativistic spin-orbit coupling, collective JT effect and spin frustration to explain
the transition in the spinel vanadates. Their model is divided into two cases. In the first
case JT coupling is considered as a dominating factor, which leads a cubic to tetragonal
transition with c/a>1 as per expectation, as discussed above. Such a transition with c/a>1
is incompatible with the experimental result.7,8,17 In the second case, Tchernyshyov has
considered strong relativistic spin-orbit coupling, a moderate JT distortion and weak V-
V interaction that yield a cubic to tetragonal transition with c/a<1, compatible with the
experimental result.7,8,12,17 Khomskii et al. proposed a model, where cubic to tetragonal
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structural transition is observed due to the anti-JT effect caused by the broadening of the
yz, xz bands leads to the orbitally driven Peierls state.14 For chromium spinels, Yamashita
et al. and Tchernyshyov et al. have proposed a model to explain such a transition, which is
based on the spin-driven JT effect. According to their model, the strong spin degeneracy due
to the geometrical frustration is lifted by spin-driven JT effect (lattice distorts spontaneously
and the system switches from paramagnetic spin liquid to antiferromagnetic order state) and
leads to a cubic to tetragonal structural transition.9,27
The crystal structure of a material is made up of regular arrangements of atoms or ions
with well defined radii (which is a measure of the size of atoms or ions). It is well known
that many of the physical properties of a material depends on the crystal structure and
hence is one of the most important aspects of the solid state physics.32 Now, in order to
understand the various physical properties of the compound, it is important to include the
effect of atomic or ionic sizes. In model calculations, inclusion of the effect of atomic or ionic
sizes is not a straightforward job. However, in ab initio electronic structure calculations, it is
included inherently. Here, it is important to note that the role of ionic sizes for deciding the
cubic to tetragonal structural transition is expected for above mentioned spinels. However,
none of the groups have discussed this aspect in these spinels.
From above discussion, it is clear that the cubic to tetragonal distortion is yet controversial
for these spinels. Here, we have tried to understand such a distortion by considering only
the effect of ionic sizes, where we have ignored all the complexities (as discussed above) by
performing spin unpolarized calculations for these compounds. The calculated value of bulk
modulus is found to be smallest for CdV2O4 (among AV2O4) and CdCr2O4 (among ACr2O4)
which suggest that the CdV2O4 and CdCr2O4 are more compressible as compared to other
vanadium and chromium spinels, respectively. Local density approximation (LDA) exchange
correlation functional underestimates the calculated values of equilibrium lattice parameter
a in the range of 2.4-3.3% as compared to the experimental results for these compounds. For
vanadates, the calculated values of c/a, with c/a<1 for ZnV2O4 and MgV2O4 are close to the
experimental data. However, for CdV2O4, it is deviated by ∼0.9% from the experimental
result. For chromium spinels, the deviation of c/a from the experimental data are found to be
∼0.1%, ∼0.4% and ∼0.6% for ZnCr2O4, MgCr2O4 and CdCr2O4, respectively. The present
study clearly shows that the main cause for cubic to tetragonal distortion in these spinels
are the effect of ionic sizes. However, above mentioned mechanisms may be responsible for
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the other physical properties of these spinels.
II. COMPUTATIONAL DETAIL
The spin unpolarized (SUP) calculations of six spinel compounds, AV2O4 and ACr2O4
(A=Zn, Mg and Cd) are carried out by using the full-potential linearized-augmented plane-
wave (FP-LAPW) method as implemented in elk code.33 The calculations for every com-
pounds are performed in the face centered cubic phase. The lattice parameters and atomic
positions for these compounds are taken from the literature.4,7,8,17,29,31 LDA, Perdew -
Wang/Ceperley -Alder exchange correlation functional has been used in these calculations.34
The muffin-tin sphere radii (in Bohr) used in the calculations for every compounds are given
in the Table I. We have used the 8x8x8 k-point grid size. In all calculations, the basis set
cut off muffin-tin radius times maximum |G+k| (rgkmax) and maximum length of |G| for
expending the interstitial density and potential (gmaxvr) are set to be 8.0 and 14.0, respec-
tively. These values are good for obtaining the fine parabolic curves of energy versus volume.
Convergence target of total energy has been set below 10−4 Hartree/cell.
Now, in order to know the equilibrium lattice parameters, we have done the full structure
optimization for every compounds. Atomic positions corresponding to the relaxed structure
of these compounds are fixed during the calculation of lattice parameters. The equilibrium
lattice parameter is calculated by fitting the total energy formula unit versus unit cell volume
data using the universal equation of state.35 The universal equation of state is defined as,
P = [3B0(1 - χ)/χ
2]e3/2(B
′
0
−1)(1−χ), P = -(∂E/∂V ) where P , E, V , B0 and B0
′
are the
pressure, energy, volume, bulk modulus and pressure derivative of bulk modulus, respectively
and χ = (V /V0)
1/3.
III. RESULT AND DISCUSSION
First of all, we discuss the crystal structure of AV2O4 and ACr2O4 (A=Zn, Mg and Cd)
spinel compounds. Except MgV2O4, all five compounds crystallize in face centered cubic
spinel structure with the space group Fd3¯m. In these five compounds, (Zn, Mg, Cd) and (V,
Cr) atoms are found at the Wyckoff positions 8a (0.125,0.125,0.125) and 16d (0.5,0.5,0.5),
respectively. The O atom is located at the Wyckoff position 32e (x,x,x), where the values
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of x for five different compounds are shown in the Table II. However, MgV2O4 crystallizes
in the face centered cubic structure characterized by space group F4¯3m. In this compound,
Mg atom is located at the Wyckoff positions 4a (0,0,0) and 4c (0.25,0.25,0.25). However,
both V and O (O1 and O2) atoms are located at the Wyckoff position 16e (x,x,x), where
the values of x are also shown in the Table II.
Total energy difference between the volume dependent energies and energy correspond-
ing to the equilibrium volume [∆E=E(V)-E(Veq)] per formula unit versus unit cell volume
plots for all compounds in the cubic phase obtained from the SUP LDA calculations are
shown in the Fig. 1(a-f). In these compounds, each curve shows almost a parabolic behav-
ior and the volume corresponding to the minimum energy gives the equilibrium volume. In
order to determine the equilibrium volumes for these compounds, we have fitted the total
energy-volume data by the using universal equation of state.35 The equilibrium volumes for
ZnV2O4, MgV2O4 and CdV2O4 compounds are ∼3617.4, ∼3662.6 and ∼4037.3 bohr
3, re-
spectively. Similarly, for ZnCr2O4, MgCr2O4 and CdCr2O4, its values are ∼3558.8, ∼3601
and ∼3980.3 bohr3, respectively. The equilibrium values of lattice parameter (a) are ob-
tained from the equilibrium volumes for these compounds. The values of a for ZnV2O4,
MgV2O4 and CdV2O4 are ∼8.125 A˚, ∼8.157 A˚ and ∼8.426 A˚, respectively. Similarly, for
ZnCr2O4, MgCr2O4 and CdCr2O4 compounds, its values are∼8.079 A˚, ∼8.111 A˚ and ∼8.386
A˚, respectively. Now, we compare the calculated values of a with experimentally observed
values of a for these spinel compounds. The calculated and experimentally reported (shown
in bracket) values of a for these spinels are shown in the Table II. It is clear from the table
that for vanadium spinels, the order of calculated values of a is similar to the experimental
one, which is CdV2O4>MgV2O4>ZnV2O4. Similarly, for chromium spinels, the calculated
values of a for CdCr2O4>MgCr2O4>ZnCr2O4, which are consistent with the experimentally
reported order. The experimentally observed values of a for ZnV2O4, MgV2O4 and CdV2O4
are 8.4028 A˚, 8.42022 A˚ and 8.691 A˚, respectively, which are ∼3.3%, ∼3.1% and ∼3.0%
greater than the calculated one. Similarly, for ZnCr2O4, MgCr2O4 and CdCr2O4 compound,
its values are 8.320721 A˚, 8.3329 A˚ and 8.59093 A˚, respectively, which are ∼2.9%, ∼2.6%
and ∼2.4% larger than the calculated results. Here, in the present study, the large underes-
timation of the calculated values of a as compared to experimental results for these spinels
are due to the following reasons: (i) it is well known that the LDA method itself underesti-
mates the lattice parameters36 and (ii) in present work, we have performed the SUP LDA
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calculations, which further underestimate the values of lattice parameter.
Now, we discuss the calculated values of bulk moduli for the above mentioned compounds,
which are shown in the Table II. It is evident from the table that among vanadium spinels,
the bulk modulus is largest for ZnV2O4 and smallest for CdV2O4. Its values for ZnV2O4,
MgV2O4 and CdV2O4 compounds are ∼289 GPa, ∼244 GPa and ∼230 GPa, respectively.
The calculated value of bulk modulus for CdV2O4 in the present study is ∼60-80 GPa more
than that calculated by two different groups, where they have used the GGA and hybrid
functionals.20,37 However, on the basis of our knowledge, the values of bulk moduli for both
ZnV2O4 and MgV2O4 compounds are not reported experimentally and theoretically. Due to
which, we can not compare our results for both spinels. Similarly, among chromium spinels,
the calculated value of bulk modulus is largest for ZnCr2O4 and smallest for CdCr2O4. The
values of bulk moduli for ZnCr2O4, MgCr2O4 and CdCr2O4 compounds are ∼254 GPa, ∼243
GPa and ∼233 GPa, respectively. Here, we compare the present calculated values of bulk
moduli with the bulk moduli predicted by different groups. Theoretically, Catti et al. have
predicted the bulk moduli 215 GPa and 197.3 GPa for ZnCr2O4 and MgCr2O4, respectively,
where they have used the Hartree-Fock approach.38 However, the experimentally reported
values of bulk moduli for ZnCr2O4 and MgCr2O4 are 183.1 GPa and 189 GPa, respectively.
39
The order of bulk moduli for both compounds in the present study is similar to that predicted
by Catti et al, but different from the experimental results. The calculated values of bulk
moduli for ZnCr2O4 and MgCr2O4 in this work are about ∼38% (∼18%) and ∼28% (∼23%)
larger than the experimental (theoretical, predicted by Catti et al.) results, respectively. The
various reason for such an overestimation of the bulk moduli for these spinels in the present
study is discussed below: (i) in general, LDA exchange-correlation functional has been
found to overestimates the values of bulk moduli,40 (ii) bulk modulus is also quite sensitive
for various parameters used in the calculations.41 In the present study, we have performed
only SUP calculations. However, spin polarized calculations are expected to improve the
values of bulk moduli and (iii) different experimental techniques give the different values of
bulk moduli. For example, Reichmann et al. have observed the bulk modulus 185.7 GPa
for FeFe2O4 using gigahertz ultrasonic interferometry and single crystal X-ray diffraction
techniques.42 However, Haavik et al. have reported the bulk modulus 217 GPa for FeFe2O4
using X-ray diffraction, where they have fitted the pressure-volume data using a third-order
Birch-Murnaghan equation of state.43
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The bulk modulus of the crystal is related to the strength of its constituent bonds. For
AV2O4 compounds, the bond lengths of the constituents depend on the ionic sizes of the
A site (Zn2+, Mg2+ and Cd2+). Nishiguchi et al. have shown experimentally that the
V-O bond length for these vanadates do not depend on the A site. However, they have
observed that both V-V distance and the V-O-V angle decreases as the A site changes from
Cd2+, Mg2+ and Zn2+.6 Hence, if we ascribe such a dependency of these compositions to
the difference in the ionic radii at A site, then the bulk modulus is expected to be less for
CdV2O4 as compared to MgV2O4 and ZnV2O4 compounds. This is because of the large ionic
radius of Cd2+ (means easy to compress) as compared to Zn2+ and Mg2+. Hence, among
vanadium spinels, the calculated value of bulk modulus is smallest for CdV2O4, whereas
among chromium spinels, it is smallest for CdCr2O4 as compared to other compounds.
The calculated values of x (represent the x, y and z coordinates of the atom) for O and
V (only for MgV2O4) atoms corresponding to the calculated equilibrium lattice parameter
a of the above mentioned compounds are shown in the Table II. In the Table II, experi-
mentally reported values of x for O and V (only for MgV2O4) atoms are also shown in the
bracket. It is evident from the table that for vanadium spinels, the calculated values of
x for O atom are ∼0.257 and ∼0.267 for ZnV2O4 and CdV2O4 compounds, respectively.
However, for MgV2O4, the values of x for O1, O2 and V atoms are ∼0.387, ∼0.871 and
∼0.635, respectively. For vanadium spinels, the calculated values of x for O atom are de-
viated by ∼1.3% and ∼0.07% from experimental one for ZnV2O4 and CdV2O4 compounds,
respectively. However, for MgV2O4, these are deviated from the experimental results by
∼0.2%, ∼0.5% and ∼1.6% for O1, O2 and V atoms, respectively. Similarly, for chromium
spinels, the calculated values of x for O atom are ∼0.258, ∼0.259 and ∼0.269 for ZnCr2O4,
MgCr2O4 and CdCr2O4 compounds, respectively. Hence, the calculated values of x for O
atom are deviated by ∼1.3%, ∼0.8% and ∼0.3% from the experimental results for ZnCr2O4,
MgCr2O4 and CdCr2O4 compounds, respectively.
In order to study the cubic to tetragonal distortion in the above mentioned compounds, we
have fixed the equilibrium values of lattice parameter a=b and have varied the parameter
c. The plots of the total energy difference between the volume dependent energies and
energy corresponding to the equilibrium volume [∆E=E(V)-E(Veq)] per formula unit versus
percentage change in the calculated values of c/a (denoted by c/a%) are shown in the Fig.
2(a-f). It is clear from the figure that every plot corresponding to the every compound shows
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almost a parabolic behaviour. The c/a% corresponding to the minimum energy provides the
cubic to tetragonal distortion in these compounds, where c/a%=0 means no distortion. It is
also clear from the figure that for all six compounds, the cubic to tetragonal distortion are
finite, with c/a<1. Except for CdCr2O4, such a distortion with c/a<1 are compatible with
experimental results for remaining five compounds. The experimentally observed (shown
in the bracket) and calculated (corresponding to the minimum energy) values of c/a for
these spinels are also shown in the Table II. It is evident from the table that for vanadium
spinels, the calculated values of c/a for ZnV2O4, MgV2O4 and CdV2O4 are ∼0.996, ∼0.995
and ∼0.997, respectively. However, the experimentally observed values of c/a for ZnV2O4,
MgV2O4 and CdV2O4 are 0.9948, 0.9941 and 0.9877, respectively, which suggest that the
calculated values of c/a are in good agreement with the experimental results for both ZnV2O4
and MgV2O4 compounds. However, for CdV2O4, it is ∼0.9% deviated from the experimental
data. Similarly for chromium spinels, the calculated values of c/a for ZnCr2O4, MgCr2O4
and CdCr2O4 are ∼0.997, ∼0.994 and ∼0.998, respectively. The experimentally reported
values of c/a for ZnCr2O4, MgCr2O4 and CdCr2O4 are 0.9981, 0.9979 and 1.004, respectively.
The calculated value of c/a for ZnCr2O4 is in good agreement with the experimental one.
However, for MgCr2O4 and CdCr2O4, its values are ∼0.4% and ∼0.6% deviated from the
experimental results, respectively. It is also clear from the figure that the small change
in the energy occur as structure changes from cubic to tetragonal for all six compounds.
However, the various proposed mechanisms (as discussed in introduction) may be responsible
to enhance the change in energy between cubic and tetragonal structures for these spinels.
Now, in order to see the difference between cubic and tetragonal structures of these
spinels, we have plotted the partial density of states (PDOS) of V and Cr atoms for these
compounds. PDOS of V atom below Fermi level (zero energy) for both cubic and tetragonal
structures of ZnV2O4, MgV2O4 and CdV2O4 are shown in the Fig. 3(a-c). Similarly, PDOS
of Cr atom below Fermi level for both cubic and tetragonal structures of ZnCr2O4, MgCr2O4
and CdCr2O4 are shown in the Fig. 4(a-c). PDOS of V and Cr atoms for both structures are
obtained in the SUP calculations by using the equilibrium values of lattice parameters and
atomic coordinates of these compounds. The V and Cr 3d states are mainly contributed to
the PDOS of V (for vanadium spinels) and Cr (for chromium spinels) atoms, respectively.
It is clear from the Fig. 3 that below Fermi level, PDOS of V atom for cubic and tetragonal
structures of vanadium spinels are different. The contribution of V 3d states to the PDOS
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of V atom for tetragonal structure are less than the cubic structure of these vanadates for
whole energy range (shown in figure) below Fermi level. Similar behavior is also observed
in the chromium spinels as shown in Fig. 4, where the contribution of Cr 3d states to the
PDOS of Cr atom below the Fermi level (for whole energy range) for tetragonal structure
are also less than the cubic structure. Above discussion clearly shows that the contribution
of d states to the PDOS of V and Cr atoms for these spinels decreases as structure changes
from cubic to tetragonal. From above discussion, it is also clear that the ionic sizes appear to
be responsible for the cubic to tetragonal distortion for all six compounds. Even having the
importance of ionic sizes for such a distortion, none of the groups have discussed this aspect.
Interesting thing in the present study is that the calculated values of c/a (with c/a<1)
for ZnV2O4, MgV2O4, ZnCr2O4 and MgCr2O4 compounds are good matching with the
experimental results even by neglecting the complexities of various parameters as mentioned
below: (i) spin lattice coupling mechanism known as the spin driven JT effect,9,27 (ii) the
strong relativistic spin-orbit coupling, a moderate JT distortion and weak V-V interactions12
and (iii) the JT effect.10 These mechanisms are discussed in more details in the introduction.
The large deviation of calculated values of c/a, with c/a<1 for both CdV2O4 and CdCr2O4
from the experimental results, with c/a<1 for CdV2O4 and c/a>1 for CdCr2O4 is expected
to improve by these mechanisms. These mechanisms may also be responsible for deciding
the other physical properties like, space group and coincidence of structural and magnetic
transitions etc. At last, we conclude that the present study clearly shows the importance of
ionic sizes in inducing the cubic to tetragonal distortion in these spinels.
IV. CONCLUSIONS
A long issue of cubic to tetragonal distortion in AV2O4 and ACr2O4 (A=Zn, Mg and
Cd) compounds have been studied by different mechanisms proposed by various groups.
These mechanisms are listed as: (i) spin lattice coupling mechanism known as the spin
driven JT effect, (ii) the strong relativistic spin-orbit coupling, a moderate JT distortion
and weak V-V interactions and (iii) the JT effect. In order to understand the possible
cause behind such a distortion, we have only considered the effect of ionic sizes and have
ignored above complexities by performing spin unpolarized ab initio electronic structure
calculations. The order of calculated values of bulk moduli for vanadium and chromium
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spinels were found to ZnV2O4>MgV2O4>CdV2O4 and ZnCr2O4>MgCr2O4>CdCr2O4, re-
spectively. The calculated values of lattice parameter a for ZnV2O4 (ZnCr2O4), MgV2O4
(MgCr2O4) and CdV2O4 (CdCr2O4) were found to be ∼8.125 (∼8.079), ∼8.157 (∼8.111)
and ∼8.426 (∼8.386) A˚, respectively. The calculated values of cubic to tetragonal distortion
(c/a) for ZnV2O4, MgV2O4 and CdV2O4 were found to be ∼0.996, ∼0.995 and ∼0.997,
respectively. Similarly, its values were found to be ∼0.997, ∼0.994 and ∼0.998 for ZnCr2O4,
MgCr2O4 and CdCr2O4. Such a distortion, with c/a<1 for ZnV2O4, MgV2O4, ZnCr2O4
and MgCr2O4 compounds were close to the experimental results. The present study clearly
shows the importance of ionic sizes in inducing the cubic to tetragonal distortion in these
spinels. The ambiguities between calculated and experimentally reported values of c/a for
both CdV2O4 and CdCr2O4 are expected to improve by considering the above mechanisms.
These mechanisms may be also responsible for deciding the other physical properties of these
compounds.
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V. TABLES
TABLE I. The muffin-tin sphere radii (in Bohr) used in the calculations for AV2O4 and ACr2O4
(A=Zn, Mg and Cd) compounds.
Compound Zn Mg Cd V Cr O
ZnV2O4 1.85 - - 1.95 - 1.60
MgV2O4 - 1.75 - 1.90 - 1.60
CdV2O4 - - 2.1 1.95 - 1.60
ZnCr2O4 1.80 - - - 1.80 1.60
MgCr2O4 - 1.80 - - 1.95 1.60
CdCr2O4 - - 2.1 - 1.95 1.60
TABLE II. Calculated equilibrium lattice parameter a (A˚), percentage difference (%) between cal-
culated and experimental lattice parameter, tetragonal distortion (c/a), bulk modulus (GPa) and
atomic coordinates for AV2O4 and ACr2O4 (A=Zn, Mg and Cd) compounds, where the experi-
mentally observed values are shown in the bracket.
Compound Lattice parameter
a (A˚)
Percentage
difference
(%)
Tetragonal
distortion
(c/a)
Bulk
modulus
(GPa)
Atomic coordinates
ZnV2O4
8 8.125(8.4028) 3.3 0.996(0.9948) 289 O: 32e(x,x,x) x=0.257(0.2604)
MgV2O4
17 8.157(8.42022) 3.1 0.995(0.9941) 244 O1: 16e(x,x,x) x=0.387(0.38623)
O2: 16e(x,x,x) x=0.871(0.86623)
V: 16e(x,x,x) x=0.635(0.6251)
CdV2O4
7 8.426(8.691) 3.0 0.997(0.9877) 230 O: 32e(x,x,x) x=0.267(0.2672)
ZnCr2O4
4,28 8.079(8.320721) 2.9 0.997(0.9981) 254 O: 32e(x,x,x) x=0.258(0.26157)
MgCr2O4
29 8.111(8.3329) 2.6 0.994(0.9979) 243 O: 32e(x,x,x) x=0.259(0.2612)
CdCr2O4
31 8.386(8.59093) 2.4 0.998(1.004) 233 O: 32e(x,x,x) x=0.269(0.2681)
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FIG. 1. Total energy difference between the volume dependent energies and energy corresponding
to the equilibrium volume [∆E=E(V)-E(Veq)] per formula unit versus unit cell volume plots for
(a) ZnV2O4, (b) MgV2O4, (c) CdV2O4, (d) ZnCr2O4, (e) MgCr2O4 and (f) CdCr2O4 compounds.
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FIG. 2. Total energy difference between the volume dependent energies and energy correspond-
ing to the equilibrium volume [∆E=E(V)-E(Veq)] per formula unit versus percentage change in
tetragonal distortion (c/a%) plots for (a) ZnV2O4, (b) MgV2O4, (c) CdV2O4, (d) ZnCr2O4, (e)
MgCr2O4 and (f) CdCr2O4 compounds.
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FIG. 3. Partial density of states plots of V atom obtained in spin unpolarized calculations of
both cubic and tetragonal structures (corresponding to equilibrium values of lattice parameters
and atomic coordinates) of (a) ZnV2O4, (b) MgV2O4 and (c) CdV2O4 compounds. Zero energy
corresponds to the Fermi level.
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FIG. 4. Partial density of states plots of Cr atom obtained in spin unpolarized calculations of
both cubic and tetragonal structures (corresponding to equilibrium values of lattice parameters
and atomic coordinates) of (a) ZnCr2O4, (b) MgCr2O4 and (c) CdCr2O4 compounds. Zero energy
corresponds to the Fermi level.
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